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FIELD EMISSION ELECTRON SOURCIE,
ELECTRON GUN AND CATHODE RAY TUBE
DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates generally to a cathode ray
tube (hereinafter, abbreviated as CRT) for color televisions
or high-definition monitor televisions. Specifically, this
invention relates to a field emission electron source that can
be used as a cathode of an electron gun used 1n a high-
luminance CRT requiring high current density, or an electron
oun used 1n, for example, an electron beam exposure device
utilizing converged electron beams.

2. Related Background Art

In recent years, with the introduction of thin-type displays
such as a liquid crystal display, a plasma display and the like,
the market of flat panel displays has been expanding rapidly.
Even with such a trend, for home-use television sets with a
size of about 32-inch diagonal, displays using CRTs still
have been 1n the highest demand 1n terms of their prices and
performances. Furthermore, terrestrial digital broadcasting
1s planned to be newly introduced at full scale starting from
the year 2003, and therefore it 1s expected that there will be
a drastic change 1n the technologies of television displays.
With televisions and their surroundings making a transition
to a digital system, displays have been required strongly to
have high resolution performance. However, there has arisen
a possibility that such requirement might not be met satis-
factorily by conventional television technologies that have
been 1n wide use.

In a CRT, an electron gun is used as a core portion for
displaying images, and the performance of the electron gun
strongly affects resolution performance. When a cathode
used 1n an electron gun has increased current density, an
clffective cathode area can be reduced, thereby allowing the
resolution performance to be improved. Thermal cathode
materials currently used as cathodes have undergone various
technological improvements so as to have improved current
density. The thermal cathode materials are now approaching
their physical limitations and are reaching a difficult situa-
tion where no further remarkable 1mprovements in current
density can be made. In recent years, a cathode for electron
ouns used for digital broadcasting has been going into
practical use. Such a cathode has been requested to have an
improved current density by a factor of about 6 to 10 than
of a conventional thermal cathode.

Meanwhile, a conception regarding the use of a cold
cathode 1n an electron gun has been proposed convention-
ally. A cold cathode has an inherent advantage of its high
current density, and thus conventionally, some products of
the cold cathode such as an electron microscope have
become commercially practical.

As a first example of a cold cathode used 1n a CRT,
JP48(1973)-90467 A discloses a conception regarding a
color picture tube using a field emission cathode. In addition
to the above-described advantage of the high current density,
when used 1n a color picture tube, a field emission cathode
can provide an advantage in its suitability for achieving
lower power consumption. When a conventional thermal
cathode 1s used, the use of a heater 1s required for electron
emission. This entails a standby power consumption of
about several watts on a constant basis even during a period
in which the electron gun 1s not operated. In contrast to this,
when a field emission cathode 1s used, a heater 1s not
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required at all. This can provide not only the advantage of
suppressing unnecessary power consumption but also the
advantage of allowing an electron gun to be started instan-
taneously.

FIG. 6 1s a cross sectional view of a field emission
electron source disclosed in JP48(1973)-90467 A. Cathodes

61R, 61G and 61B provided on a substrate 60 are formed of
three pieces or three groups of conical cathode projections

62. The cathodes 61R, 61G and 61B are insulated from each
other by an msulation layer 63, and supplied with luminance
signals for red (R), green (G) and blue (B), respectively. A
cgate electrode 64 formed of a thin metallic film waith
apertures corresponding to the respective cathode projec-
tions 62 1s supplied with an appropriate potential such that
a predetermined field emission current 1s generated from
cach of the cathode projections 62 when the luminance
signals are applied to the cathodes 61R, 61G and 61B,
respectively. A control electrode 66 1s disposed on the gate
clectrode 64 through an insulation layer 635. After being
transmitted through the control electrode 66, an emitted
clectron beam travels 1n the same path as that 1n a conven-
fional electron gun to be focused on a screen. This configu-
ration has enabled a high current density operation that
conventional cathodes have failed to realize and allowed
high luminance and high resolution properties to be attained.

However, with the future spread of digital high-definition
television broadcasting, there will be an increasing demand
for CRTs that can achieve a resolution not less than two
fimes as high as that 1n the case of conventional broadcast-
ing. Generally, because of an operation principle of the
CRTs, the closer to a peripheral portion of a screen a beam
spot of an electron beam 1s, and the higher the luminance of
the screen 1s, the more distorted in shape the beam spot is.
This causes the resolution of the screen to be deteriorated.
For the improvement 1n resolution of a CRT, this can be
addressed effectively, for example, by further improving the
CRT 1n current density. However, because of a close rela-
tionship between the current density of a cathode and the life
of the cathode, an increase in current density causes the life
to be decreased. Thus, from a practical viewpoint, there 1s a
limit to the degree to which the current density can be
increased.

Generally, as materials of cold cathode elements, metals
having high melting points such as molybdenum and the like
often are used 1n such cold cathodes. Further, because of a
constraint of a manufacturing process, a CRT tube as a
finished product manufactured by the CRT manufacturing
process has a vacuum of about 107> Pa in the tube. When a
cold cathode was operated at a current density of about 10
A/cm” under the condition of this vacuum, the following
problem arose. That 1s, in the tube of the CRT, there exist
molecules of various kinds of residual gases generated 1n the
manufacturing process and an electron beam emitted from
the cold cathode collides with those molecules, so that a
large number of 10ns were generated. Our evaluation test has
revealed that these 1ons thus generated are accelerated and
collide against a surface of a cold cathode element of the
cold cathode, so that the cold cathode element 1s damaged,
and thus a beam current emitted from the cathode 1s lowered
substantially. When the cold cathode 1s applied to an elec-
tron gun for televisions, this lowering of a beam current
emitted from the cold cathode results in a decrease 1in
luminance of a CRT screen. Accordingly, a desired lumi-
nance cannot be maintained during long-term use, which 1s
a serious problem.

A mechanism of this 10on generation 1s considered to be
such that an electron beam accelerated and converged to
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about 100 ¢V by an electric field 1 the vicinity of the cold
cathode collides with a gas molecule remaining near the cold
cathode. An amount of 10ons to be generated 1s proportional
to a vacuum level and a current density. Therefore, 1n order
to suppress the 10n generation, a method to be selected has
been an 1improvement of vacuum level or a decrease of the
current density. Because of a constraint of the CRT manu-
facturing process, 1t 1s difficult to improve the vacuum level
considerably. Also, the degree of increasing the current
density for the improvement 1n resolution 1s limited to such
a range as to allow the service lives of these elements to be
secured. Thus, a sufficient resolution has not been realized to
date.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a field
emission electron source that can prevent a lowering of
current even 1 a long-term operation at a high current
density and enables a stable operation even at a high current
density.

A field emission electron source according to the present
invention includes a field emission array portion composed
of an 1nsulation layer with a plurality of apertures, which 1is
formed on a substrate, an extraction electrode formed on the
insulation layer, and a plurality of cathodes formed respec-
tively on the substrate 1n the plurality of apertures. The field
emission electron source further includes a cathode base for
fixing the field emission array portion, and an electron lens
portion composed of a plurality of electrode members hav-
ing a function of accelerating and converging an electron
beam emitted from the field emission array portion. In order
to solve the aforementioned problem, an emission axis of the
clectron beam emitted from the field emission array portion
has a predetermined angle with respect to an optical axis of
the electron lens portion.

According to this configuration, the emission axis of an
clectron beam emitted from a field emission electron source
1s set to be shifted from the optical axis of the electron lens
portion, so that the field emission electron source can be
protected from 1on 1mpact caused by 1ons generated mainly
in the electron lens portion. Thus, this configuration 1is
suitable for improving the life of the field emission electron
SOUrce.

The above-mentioned field emission electron source can
be configured 1n the following manner. That 1s, 1in the field
emission electron source, a cathode fixing surface inclined at
the predetermined angle with respect to a surface of the
cathode base 1s provided on a portion of the surface of the
cathode base, and the field emission array portion is attached
on the cathode fixing surface. According to this
confliguration, a predetermined off-axis angle can be set by
using an 1nclined surface formed on the cathode base,
thereby allowing an off-axis system to be set with high
accuracy so as to have an arbitrary off-axis angle.

Preferably, a positioning mark 1s provided in either or
both of the surface of the cathode base and a surface of the
substrate. According to this configuration, the positioning of
the substrate relative to the cathode base can be performed
with high accuracy, and the influence of beam distortion
caused by a positioning error can be reduced, thereby
contributing more to the 1mprovement in resolution.

Furthermore, preferably, at least a part of the electron lens
portion has a function of deflecting an angle of the emission
axis of the electron beam emitted from the field emission
array portion so that the angle of the emission axis coincides
with the optical axis of the electron lens portion. According,
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to this configuration, the optical axis can be adjusted by
applying a voltage to the electron lens portion, thereby
allowing an electron lens to be designed more freely.

Furthermore, preferably, an electron emitting region of
the field emission array portion 1s disposed 1n a shielding
region that faces a non-aperture region of a first electrode
member among the plurality of electrode members consti-
tuting the electron lens portion. The first electrode member
1s arranged closest to the field emaission array portion.
According to this configuration, the field emission electron
source can be protected more completely from 1on 1mpact
caused by 1ons generated mainly 1n the electron lens portion.

The above-mentioned field emission electron source can
be configured 1n the following manner. That 1s, an optical
ax1s of an electrode member among the plurality of electrode
members constituting the electron lens portion has a prede-
termined angle with respect to the emission axis of the
clectron beam emitted from the field emission array portion.
The electrode member 1s arranged closest to the field emis-
sion array portion

An electron gun can be conifigured using a field emission
clectron source of any one of the above-mentioned configu-
rations. According to this configuration, an electron gun can
be provided that can be used mm a high-luminance CRT
requiring a high current density.

A display device, an 1image display device or a cathode ray
tube device can be configured by the inclusion of the
above-mentioned electron gun and a unit for deflecting an
clectron beam emitted from the electron gun 1n a vacuum
container. According to this configuration, the field emission
clectron source that can protect the field emission array
portion from 1on 1mpact 1s used as a cathode of the electron
oun, thereby allowing a cathode ray tube device having an
excellent life time property to be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view showing a configuration of a field
emission electron source according to Embodiment 1 of the
present 1nvention.

FIG. 2A 1s a cross-sectional view showing a configuration
of a field emission electron source according to Embodiment
2 of the present invention.

FIG. 2B 1s a plan view showing the configuration of the
field emission electron source according to Embodiment 2 of
the present mvention.

FIG. 3A 15 a cross-sectional view showing a configuration
of a field emission electron source according to Embodiment
3 of the present 1nvention.

FIG. 3B 1s a plan view showing the configuration of the
field emission electron source according to Embodiment 3 of
the present invention.

FIG. 4 1s a cross-sectional view showing a configuration
of a cathode ray tube device according to Embodiment 4 of
the present invention.

FIG. 5 1s a cross-sectional view showing a configuration

of an electron gun 1n the cathode ray tube device shown in
FIG. 4.

FIG. 6 1s a cross-sectional view of a conventional field
emission electron source.

DETAILED DESCRIPTION OF THE
INVENTION
Embodiment 1
Hereinafter, a structure of a field emission electron source
according to Embodiment 1 of the present invention will be
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described with reference to FIG. 1. This figure shows the
clement for obtaining a single electron beam.

Basically, the field emission electron source shown in
FIG. 1 includes a substrate 11, a cathode base 12 for fixing
the substrate 11, and an electron lens portion 13. Afield
emission array portion (not shown) composed of a plurality
of cathodes 1s formed on the substrate 11. The electron lens
portion 13 1s formed of a combination of a plurality of grid
electrodes G1 to G4, each formed of an electrode member.
The grid electrodes G1 to G4 have a function of accelerating
and converging an electron beam emitted from the field
emission array portion, and define a component of an
clectron gun.

The field emission array portion formed on the substrate
11 has the same structure as that shown in FIG. 6. That 1s,
an electron emitting portion 1s formed on each of array-like
cathode-forming regions on the substrate 11. An extraction
clectrode for controlling electron emission through an 1nsu-
lation layer with circular apertures 1s formed above the
clectron emitting portions. The field emission array portion
composed of a plurality of the above-described electron
emitting portions 1s formed on a whole or a predetermined
partial region of the substrate 11.

The substrate 11 can be formed of an optimum material
selected from conventionally-used materials such as a glass
substrate, a silicon substrate and the like, taking into con-
sideration the properties and process conditions of an elec-
tron source provided in each of the electron emitting por-
tions. Further, although the description does not particularly
oo 1nto details on a material and a structure of the electron
emitting portion, for example, a conventionally-used Spindit-
type electron source formed by vapor deposition of
molybdenum, a silicon electron source formed by utilizing
a silicon semiconductor process or the like can be used. The
substrate 11 1s fixed to the cathode base 12 by using a
conductive adhesive or the like, after the substrate 11 1s
positioned on a surface of the cathode base 12 with prede-
termined accuracy.

The electron lens portion 13 formed of the combination of
the grid electrodes G1 to G4, which 1s arranged adjacently
to an upper portion of the substrate 11 (right side in FIG. 1),
1s arranged so that the electron lens portion 13 and the
substrate 11 are opposed at a fixed distance from each other.
The grid electrodes G1 to G4 are supplied with the respec-
five optimum voltages so as to accelerate and converge an
clectron beam emitted from the field emission array portion
formed on the substrate 11.

Generally, the electron beam 1s emitted from the field
emission array portion in a direction of an emission axis
(Ax1) perpendicular to a surface of the substrate 11. An
optical axis (Ax2) of the electron lens portion 13 is arranged
in an off-axis state so as to have a predetermined angle (0)
with respect to the emission axis (Ax1). The optical axis of
the electron lens portion 13 1s defined as an axis correspond-
ing to an optical axis of an optical lens, where an effect on
the electron beam caused by an electrostatic lens formed by
a potential difference between the grid electrodes G1 to G4
constituting the electron lens portion 13 corresponds to an
cifect on light caused by the optical lens.

At least a part of a lens configuration of the electron lens
portion 13 may have a function of deflecting an angle of the
emission axis (Ax1) of an electron beam emitted from the
field emission electron source so that the angle coincides
with the optical axis (Ax2) of the electron lens portion. This
deflecting function can be obtained by adjusting two elec-
trodes selected from the grid electrodes G1 to G4 constitut-
ing the electron lens portion 13. In principle, the two
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clectrodes may be any of the above electrodes. However,
preferably, the grid electrodes G1 and G2 are used to form
a lens configuration for providing the deflecting function for
the following reason: the grid electrode with a smaller
potential 1s more advantageous in performing deflection; or
the closer to the field emission array portion the grid
clectrode 1s, the more reduced ion impact caused in the
clectron lens portion can be. Specifically, for example, a
center position of each aperture of the grid electrodes G1 and
G2 1s shifted by a proper amount 1n an aperture diameter
direction, and a predetermined relative potential difference
1s applied to each of the above electrodes, so that the
clectrodes are allowed to have the deflecting function.

Next, a mechanism of how the field emission electron
source according to this embodiment contributes to an
improvement 1n life will be described briefly.

As described with regard to the problem 1n the conven-
tional technique, a CRT as a finished product manufactured
by the CRT manufacturing process has a vacuum of about
10~ Pa in the tube because of the constraints of the
manufacturing process. When the electron beam emitted
from the field emission array portion 1s operated at a
condition of a high current density of about 10 A/cm?,
high-energy 1rons are generated in the CRT tube or the
electron lens portion 13. That 1s, molecules of various kinds
of residual gases generated in the manufacturing process
exist in the CRT tube and the electron beam emitted from the
field emission array portion collides with those molecules,
so that a large number of high-energy 1ons are generated. In
the conventional technique, an emission axis (Ax1) of a
beam current coincides with an optical axis (Ax2) of an
clectron lens portion, and thus many of the generated
high-energy 1ons reach a surface of a field emission array
portion, and their direct impact on the field emission array
portion causes damage thereto. Because of this damage due
to the 10n 1mpact, an electron emitting property of the field
emission array portion 1s deteriorated considerably. This has
led to problems such as lowering of a beam current and the
like.

In a configuration of the field emission electron source
according to this embodiment, the optical axis (Ax2) of the
clectron lens portion 1s set to be m an off-axis state with
respect to the emission axis (Ax1) of a beam current.
High-energy 1ons generated 1n the CRT tube, particularly, 1n
the electron lens portion 13 in which the 1ons cause the
orcatest 1influence, are accelerated along a direction of the
optical axis (Ax2) of the electron lens portion. Since an ion
has a property of traveling straight, the high-energy 1ons
hardly reach an electron emission region in the field emis-
sion array portion. As a result, the electron emitting property
of the field emission array portion hardly 1s damaged by 1on
impact, thereby allowing a stable operation to be performed
for a long period of time.

An off-axis angle (0) should be set to be optimum in
consideration of an operational area of the field emission
array portion and a distance to the electron lens portion. In
order to attain a sufficient effect of preventing the field
emission array portion from being damaged by 1on impact
while suppressing the generation of aberration in the elec-
tron lens portion, preferably, the angle (0) is set to be about
2° under general conditions.

As described above, according to the field emission
electron source of this embodiment, the emission axis of an
clectron beam emitted from a field emission electron source
1s set to be shifted from the optical axis of an electron lens.
Thus, the field emission electron source can be protected
from 1on 1mpact caused by 1ons generated mainly in the
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clectron lens portion, thereby allowing the field emission
clectron source to have improved life.

The foregoing description 1s directed to a case where an
clectron source element according to this embodiment is
used mn a CRT as a typical application. However, the
applications of the present invention are not limited to the
CRT. The present mnvention i1s also applicable to other
applications, for example, in a high-luminance light-
emitting display tube for field display, a light-emitting tube
for 1llumination, an electron beam exposure device and the
like.

Embodiment 2

Hereinafter, a structure of a field emission electron source
according to Embodiment 2 of the present invention will be
described with reference to FIGS. 2A and 2B.

A basic configuration of this field emission electron
source 1s the same as that of the field emission electron
source according to Embodiment 1. That 1s, the field emis-
sion electron source 1ncludes a substrate 21 on which a field
emission array portion 1s formed, a cathode base 22 on
which the substrate 21 1s fixed, and an electron lens portion
24 formed of a combination of grid electrodes G1 to G4.
However, the cathode base 22 has a structure different from
that in Embodiment 1. A cathode fixing surface 23 inclined
at a predetermined angle (0) with respect to a surface of the
cathode base 22 1s provided on a portion of the surface of the
cathode base 22, and the substrate 21 1s provided on the
cathode fixing surface 23.

The field emission array portion formed on the substrate
21 has the same structure as that shown in FIG. 6. That 1s,
an electron emitting portion 1s formed on each of array-like
cathode-forming regions on the substrate 21. An extraction
clectrode for controlling electron emission through an 1nsu-
lation layer with circular apertures 1s formed above the
electron emitting portions. The field emission array portion
composed of a plurality of the above-described electron
emitting portions 1s formed on a whole or a predetermined
partial region of the substrate 21.

The substrate 21 can be formed of an optimum material
selected from conventionally-used materials such as a glass
substrate, a silicon substrate and the like, taking into con-
sideration the properties and process conditions of an elec-
tron source provided in each of the electron emitting por-
tions. Further, although the description does not particularly
oo 1nto details on a material and a structure of the electron
emitting portion, for example, a conventionally-used Spindit-
type electron source formed by vapor deposition of
molybdenum, a silicon electron source formed by utilizing
the silicon semiconductor process or the like can be used.

The electron lens portion 24 formed of a combination of
the grid electrodes G1 to G4 1s arranged adjacently to an
upper portion of the cathode base 22 on which the substrate
21 1s fixed. The electron lens portion 24 1s arranged so that
the electron lens portion 24 and the surface of the cathode
base 22, on which the cathode fixing surface 23 1s provided,
are opposed at a fixed distance from each other. The grid
clectrodes G1 to G4 are supplied with the respective opti-
mum voltages so as to accelerate and converge an electron
beam emitted from the field emission array portion formed
on the substrate 21.

The cathode fixing surface 23 1s provided on at least a
partial region of the surface of the cathode base 22. The
substrate 21 on which the field emission array portion 1is
formed 1s fixed to the cathode base 22 by using a conductive
adhesive or the like, after the substrate 21 1s positioned on
the cathode fixing surface 23 on the cathode base 22 with
predetermined accuracy.
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Positioning marks 25 for automatically positioning the
substrate 21 with respect to the cathode base 22 are formed
on the respective surfaces of the cathode base 22 and the
substrate 21. For being adopted to an 1mage recognizing
device 1n general use, the positioning marks 25 can be
formed so as to have an appropriate shape according to the
accuracy required. The positioning mark 25 can be, for
example, a groove-like cross mark having a width of 10
microns and a length of about 100 microns. By the use of an
automatic positioning detection device, relative positioning
can be performed with constant accuracy regardless of
variations 1n the shape of the cathode base 22 and the
substrate 21. When a field emission array portion according
to this embodiment 1s used as a cathode for an electron gun,
positioning accuracy with respect to the electric lens portion
24 1s required to be not more than 5 microns.

Generally, an emission axis (Ax1) of the electron beam
emitted from the field emission array portion 1s perpendicu-
lar to the surface of the substrate 21. In this embodiment, the
substrate 21 1s fixed on the cathode fixing surface 23 inclined
at a predetermined angle with respect to the surface of the
cathode base 22, and thus automatically, the electron beam
1s emitted 1n a direction inclined by an angle 0 with respect
to a direction perpendicular to the cathode base 22. With this
configuration, when mechanically assembling the cathode
base 22 and the electron lens portion 24, a conventional
assembling method can be used without considering the
beam emission axis (Ax1).

At least a part of a lens configuration of the electron lens
portion 24, for example, the lens configuration of the grid
clectrodes G1 and G2, may have a function of deflecting an
angle of the emission axis (Ax1) of an electron beam emitted
from the field emission electron source so that the angle
coincides with an optical axis (Ax2) of the electron lens
portion 24. Specifically, a center position of each aperture of
the grid electrodes G1 and G2 1s shifted by a proper amount
in an aperture diameter direction, and a predetermined
relative potential difference 1s applied to each of the above
electrodes, so that the electrodes are allowed to have the
deflecting function.

Next, a mechanism of how the field emission electron
source according to this embodiment contributes to an
improvement 1n life will be described briefly.

In a configuration of the field emission electron source
according to this embodiment, the cathode fixing surface 23
inclined at a predetermined angle with respect to the surface
of the cathode base 22 1s provided on a portion of the surface
of the cathode base 22, and the substrate 21 with a field
emission electron source array 1s attached on the cathode
fixing surface 23. Thus, 1n the same manner as in Embodi-
ment 1, the optical axis (Ax2) of the electron lens portion is
set to be in an off-axis state at a predetermined angle (0) with
respect to the emission axis (Ax1) of the electron beam.
High-energy 1ons generated in a CRT tube, particularly, 1n
the electron lens portion 24 in which the 1ons cause the
orcatest influence, are accelerated along a direction of the
optical axis (Ax2) of the electron lens portion. Since an ion
has a property of traveling straight, the high-energy 1ons
hardly reach an electron emission region in the field emis-
sion array portion. As a result, an electron emitting property
of the field emission array portion hardly 1s damaged by 1on
impact, thereby allowing a stable operation to be performed
for a long period of time.

Furthermore, since the emission axis (Ax1) of an electron
beam can be set based on an inclination angle (0) of the
cathode fixing surface 23 formed on the cathode base 22,
manufacturing can be performed without changing the con-
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ventional mechanical assembling method. Thus, the field
emission electron source according to this embodiment can
be manufactured without incurring a new investment in
equipment or the like.

As described above, according to the field emission
electron source of Embodiment 2, the emission axis (Ax1)
of an electron beam emitted from a field emission electron
source can be set to be shifted from the optical axis (Ax2)
of an electron lens. Thus, the field emission electron source
can be protected from 1on 1impact caused by 1ons generated
mainly 1n the electron lens portion 24, thereby allowing the
field emission electron source to be 1mproved in life.
Further, manufacturing can be performed without changing
the conventional mechanical assembling method, thereby
providing a substantial effect 1n terms of a production cost
from a practical viewpoint.

The foregoing description 1s directed to a case where the
clectron source according to this embodiment 1s used 1n a
CRT as a typical application. However, the applications of
the present invention are not limited to the CRT. The present
invention 1s also applicable to other applications, for
example, 1n a high-luminance light-emitting display tube for
field display, a light-emitting tube for 1llumination, an elec-
tron beam exposure device and the like.

Embodiment 3

Hereinafter, a structure of a field emission electron source
according to Embodiment 3 of the present invention will be
described with reference to FIGS. 3A and 3B.

The basic configuration of this field emission electron
source 1s the same as that of the field emission electron
source described with regard to Embodiment 2. That 1s, a
cathode fixing surface 34 inclined at a predetermined angle
(0) with respect to a surface of a cathode base 33 is formed
on a portion of the surface of the cathode base 33. A
substrate 31 on which a field emission array portion 32 is
formed 1s fixed on the cathode fixing surface 34. Although
in the figures, only a grid electrode G1 1s shown, an electron
lens portion formed of a combination of a plurality of grid
electrodes 1s provided.

The configuration according to this embodiment 1s char-
acterized by an arrangement of the grid electrode G1, which
1s positioned closest to the field emission array portion 32,
among the plurality of grid electrodes constituting an elec-
tron lens portion. That 1s, 1n a relative positional relationship
between an aperture 35 of the grid electrode G1 and an
clectron emitting region of the field emission array portion
32, the electron emitting region 1s arranged so as to face a
non-aperture region 36 (shielding region: indicated by cross-
hatch in FIG. 3B) of the grid electrode G1. In the following
description, elements specific to this embodiment will be
described 1n detail. The non-aperture region 1s defined as a
region of the grid electrode G1 1n which the aperture 35 1s
not formed.

The field emission array portion 32 formed on the sub-
strate 31 has the same structure as that shown in FIG. 6. That
1s, an electron emitting portion 1s formed on each of array-
like cathode-forming regions on the substrate 31. An extrac-
tion electrode for controlling electron emission though an
insulation layer with circular apertures i1s formed above the
clectron emitting portions. The field emission array portion
32 composed of a plurality of the above-mentioned electron
emitting portions 1s formed on a whole or a predetermined
partial region of a surface of the substrate 31.

The substrate 31 can be formed of an optimum material
selected from conventionally-used materials such as a glass
substrate, a silicon substrate and the like, taking into con-
sideration the properties and process conditions of an elec-
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tron source provided in each of the electron emitting por-
tions. Further, although the description does not particularly
o0 1nto details on a material and a structure of the electron
emitting portion, for example, a conventionally-used Spindit-
type electron source formed by vapor deposition of
molybdenum, a silicon electron source formed by utilizing
the silicon semiconductor process or the like can be used.

The cathode fixing surface 34 1s provided at least on a
partial region of the surface of the cathode base 33. The
substrate 31 on which the field emission array portion 32 is
formed 1s fixed to the cathode base 33 by using a conductive
adhesive or the like, after the substrate 31 1s positioned on
the cathode fixing surface 34 on the surface of the cathode
base 33 with a predetermined accuracy.

Above the substrate 31, the grid electrode G1 constituting
the electron lens portion as a component of an electron gun
1s arranged so that the substrate 31 and the cathode base 33
are opposed at a fixed distance from each other. The relative
positional relationship between the grid electrode G1 and the
clectron emitting region of the field emission array portion
32 1s set so that the electron emitting region 1s positioned so
as to oppose the non-aperture region (shielding region) of
the grid electrode G1.

High-energy 1ons generated 1in a CRT tube particularly, 1n
the electron lens portion in which the 1ons have the greatest
influence, are accelerated along a direction of the optical
axis (Ax2) of the electron lens portion. Since an ion has a
property of traveling straight, the high-energy 1ons are
blocked off completely at a surface of the grid electrode G1
because of the above-mentioned relative positional relation-
ship between the grid electrode G1 and the field emission
array portion 32, and thus hardly reach the electron emitting
region of the field emission array portion 32. Therefore, in
addition to the effect described with regard to Embodiments
1 and 2 by which 1on impact can be reduced by an off-axis
system, another effect can be provided, by which the high-
energy 10ons are blocked off completely by the grid electrode
G1 in the vicinmity of the field emission array portion 32.
Thus, an electron emitting property of the field emission
array portion 32 1s prevented more completely from being,
damaged, thereby allowing a stable operation to be per-
formed for a long period of time.

As described above, particularly when used as a cathode
for an electron gun of a CRT, the field emission electron
source according to Embodiment 3 allows a stable operation
to be performed for a long period of time without being
subjected to 1on i1mpact, because of the arrangement in
which the electron emitting region faces the non-aperture
region (shielding region) of the grid electrode G1.

The foregoing description 1s directed to a case where an
electron source according to this embodiment 1s used 1n a
CRT as a typical application. However, the applications of
the present invention are not limited to the CRT. The present
invention 1s also applicable to other applications, for
example, 1n a high-luminance light-emitting display tube for
field display, a light-emitting tube for 1llumination, an elec-
tron beam exposure device and the like.

Embodiment 4

Heremnafter, a structure of a cathode ray tube device
according to Embodiment 4 of the present invention will be
described with reference to FIG. 4. In this cathode ray tube
device, an electron beam 44 emitted from an electron gun 43
housed in a neck 42 of a bulb (vacuum container) 41 is
deflected by a deflection yoke 46 attached to an outer
periphery 1n a funnel 45. The electron beam 44 1s 1rradiated
onto a phosphor screen 48 attached to an 1nner surface of a
face panel 47, so that an 1mage 1s formed on the face panel
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4'7. At least one of the configurations of the field emission
electron source according to Embodiments 1 to 3 1s used as
a configuration of the electron gun 43.

In the following description, a function of shielding a field
emission electron source from 1on 1impact 1n this cathode ray
tube device 1s explained specifically with reference to FIG.
5.

FIG. 5 shows 1n detail a portion of the electron gun 43 1n
a display device shown 1n FIG. 4. As shown 1n the figure, a
field emission array portion 51 1s fixed on a cathode base 52.
An electron lens portion 53 formed of a combination of grid
electrodes G1 to G35 as those described in Embodiments 1 to
3 1s arranged 1n a position opposing a vicinity of the field
emission array portion 51. The grid electrodes G1 to G5 are
supplied with the respective optimum voltages so as to
accelerate and converge an electron beam 44 emitted from
the field emission array portion 51. The electron beam 44
transmitted through the electron lens portion 53 is subjected
to an effect of a deflection magnetic field of the deflection
yoke 46 and 1rradiated onto the phosphor screen 48 of the
face panel 47, so that a desired 1mage can be formed.

With respect to a potential of the cathode base 352,
extremely high voltages of about 500 V and about 30 KV are
applied to the grid electrode G2 1n the vicinity of the cathode
base 52 and each of the grid electrodes G4 and G5 1n a main
lens portion, respectively. An electron beam emitted from
the field emission array portion 51 collides with a residual
gas 1n an 1nner portion of the electron gun or a tube of a CRT,
and thus a large amount of 10ons 54 are generated. Of these
ions 54, the positively charged 1on 54 1s affected by an
clectric field 1n the electron gun or the tube of the CRT, and
fravels toward the field emission array portion 51 while
being accelerated to a maximum of about 30 KV.

However, 1n the case of the field emission electron source
according to the present invention, an optical axis (Ax2) of
the electron lens portion and an emission axis (Ax1) of the
clectron beam 44 are arranged in an off-axis state. Thus,
most of high-energy 1ons that have traveled in the direction
of the optical axis (Ax2) of an electron lens are shielded by
the grid electrode G1 and prevented from traveling to a
surface of the field emission array portion 51.

Furthermore, as 1n the configuration according to
Embodiment 3, when an electron emitting region of the field
emission array portion 51 i1s arranged so as to face a
non-aperture region (shielding region) of the grid electrode
G1, a shielding effect at a surface of the grid electrode 31 1s
enhanced. Thus, the high-energy 1ons hardly reach the
clectron emitting region of the field emission array portion
51. As a result, an electron emitting property of the field
emission array portion 31 1s prevented from being damaged,
thereby allowing a stable operation to be performed for a
long period of time.

As described above, the cathode ray tube device accord-
ing to Embodiment 4 allows the surface of the field emission
array portion 51 to be prevented from being damaged by 1on
impact caused by high-energy 10ons generated 1n the electron
oun 43 or the tube of the CRT. Thus, particularly, when the
field emission array portion 51 1s used as a cathode for an
clectron gun of a CRT, a substantial effect can be exerted in
enhancing a long-life operation and a stable operation.

In each of the foregoing embodiments, an electron beam
1s 1ncident on the electron lens portion 1n an off-axis state,
and thus a beam spot of the electron beam may become
asymmetric. Such asymmetry can be corrected by properly
adjusting the design 1n terms of arrangement and shape of
the electrodes as a part of the electrodes constituting the
clectron lens, for example, the grid electrodes G3 and G4.
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The foregoing description was directed to a case where an
electron source according to this embodiment 1s used in the
CRT as a typical application. However, the applications of
the present invention are not limited to the CRT. The present
invention 1s also applicable to other applications, for
example, 1n a high-luminance light-emitting display tube for
field display, a light-emitting tube for i1llumination and the
like.

The foregoing description was directed to the case of a
single electron gun (monochrome CRT) with one field
emission array portion and one electron lens portion for the
case of explanation. On the other hand, in the case of a color
cathode ray tube device, an electron gun having three
electron sources R, G, and B 1s used. In this case, for the
respective field emission electron sources for forming three
clectron beams R, G and B, an off-axis arrangement 1s used.
This allows a field emission array portion to be protected
from 10n 1mpact caused by 1ons generated 1n each of electron
lens portions, thereby achieving an improvement in life of
the field emission electron source.

The mvention may be embodied 1n other forms without
departing from the spirit or essential characteristics thereof.
The embodiments disclosed 1n this application are to be
considered 1n all respects as 1llustrative and not limiting. The
scope of the invention 1s indicated by the appended claims
rather than by the foregoing description, and all changes
which come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

What 1s claimed 1s:
1. A field emission electron source, comprising:

a field emission array portion composed of an insulation
layer with a plurality of apertures, which 1s formed on
a substrate, an extraction electrode formed on the
insulation layer, and a plurality of cathodes formed
respectively on the substrate in the plurality of aper-
tures,

a cathode base on which the field emission array portion
1s fixed; and

an eclectron lens portion composed of a plurality of
clectrode members having a function of accelerating
and converging an electron beam emitted from the field

€mission array portion,

wherein an emission axis of the electron beam emitted
from the field emission array portion has a predeter-
mined angle with respect to an optical axis of the
clectron lens portion, the emission axis and optical axis
being non-colinear.

2. The field emission electron source according to claim
1, wherein a cathode fixing surface inclined at the predeter-
mined angle with respect to a surface of the cathode base 1s
provided on a portion of the surface of the cathode base, and
the field emission array portion 1s attached on the cathode
fixing surface.

3. The field emission electron source according to claim
1, wherein a positioning mark 1s provided 1n either or both
of a surface of the cathode base and a surface of the
substrate.

4. The field emission electron source according to claim
1, wherein at least a part of the electron lens portion has a
function of deflecting an angle of the emission axis of the
electron beam emaitted from the field emission array portion
so that the angle of the emission axis coincides with the
optical axis of the electron lens portion.
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5. The field emission electron source according to claim
1, wherein an electron emitting region of the field emission
array portion 1s disposed 1n a shielding region that faces a
non-aperture region of a first electrode member among the
plurality of electrode members constituting the electron lens
portion, the first electrode member being arranged closest to
the field emission array portion.

6. The field emission electron source according to claim
1, wherein an optical axis of an electrode member among the
plurality of electrode members constituting the electron lens
portion, the electrode member being arranged closest to the
field emission array portion, has a predetermined angle with
respect to the emission axis of the electron beam emitted
from the field emission array portion.

7. An electron gun comprising a field emission electron
source as claimed 1n claim 1.

8. A display device comprising a vacuum container, an
clectron gun having a field emission electron source, and a
unit for deflecting an electron beam emitted from the elec-
tron gun, the electron gun and the unit being included 1n the
vacuum container, wherein the field emission electron
SOUICe COMPIISES:
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a field emission array portion composed of an msulation
layer with a plurality of apertures, which 1s formed on
a substrate, an extraction electrode formed on the
insulation layer, and a plurality of cathodes formed
respectively on the substrate in the plurality of aper-
tures,

a cathode base on which the field emission array portion
1s fixed; and

an eclectron lens portion composed of a plurality of
clectrode members having a function of accelerating
and converging an electron beam emitted from the field
€mission array portion,

wherein an emission axis of the electron beam emitted
from the field emission array portion has a predeter-
mined angle with respect to an optical axis of the

clectron lens portion, the emission axis and optical axis
being non-colinear.
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